Evaluation of the impact of preplacement assessments is important given the resources companies and occupational health nurses allocate to screening and the ambiguity of the literature about the effectiveness of such assessments. This study examined the effects of preplacement assessments on employee injuries. All individuals screened by an occupational health clinic in the upper Midwest and given work restrictions during a 3 year
period were identified as cases (n=67). Cases were matched with controls without work restrictions (n=264) on the basis of employer, gender, and job. Age was controlled for statistically. Chi-square analysis, used to test differences in percent distribution of injuries between cases and controls, found no statistically significant differences in musculoskeletal injuries between the groups. Work restrictions recommended as a result of preplacement assessments appear to protect vulnerable workers.
A ccording to the Minnesota Department of Labor and Industry (1997) , 450 Minnesota workers incur workplace injuries or illnesses every day. This results in an annual total of approximately 164,000 injured or ill workers in Minnesota alone, or approximately 8.4 injuries/illnesses for every 100 full time equivalent workers (not including federal government employees). In 1996, workers' compensation expenses from these injuries and illnesses, which include medical treatment and compensation benefits. cost the state of Minnesota $1.2 billion (Minnesota Department of Labor and Industry, 1997) . In 1995. the overall national occupational injury and illness incidence rate per 100 full time employees was 9.01. of which 12.34 were employed in manufacturing industries, 8.28 in health services, and 9.26 in public administration (National Safety Council. 1996) . According to the Minnesota Department of Labor and Industry (1995) . of the indemnity cases in 1993. 30% of injuries occurred in the first year after hire. and 21% within the first 6 months.
In an attempt to reduce workers' compensation costs. employers have chosen various strategies, one of which is performing preplacement assessments (PPAs). According to Pruitt (1995) , the purpose of a PPA is to "determine if an individual is capable of performing the job." The results of preplacement assessments are meant to help employers make appropriate decisions related to the placement of individuals in jobs without hazards to the safety of themselves or others. Most employers hope that proper place-ment of employees will reduce the number and costs of injuries, as well as absenteeism attributed to ill health.
Preplacement assessments are generally conducted by occupational health staff or managers. The techniques used may range from a questionnaire completed by the job applicant, to a fully comprehensive physical examination by a health professional.
In the past, preemployment physical examinations were conducted with a common purpose of excluding from employment anyone with an increased risk of any type of ill health or injury (Andstadt, 1990) . Passage of Title VII of the Civil Rights Act of 1964, the Age Discrimination in Employment Act of 1967, the Rehabilitation Act of 1973, the Immigration Reform and Control Act of 1986, the Americans With Disabilities Act of 1990 (ADA), and the Civil Rights Act of 1991 have shaped the current system of preplacement assessments. These laws prohibit discrimination in hiring a qualified individual with a disability. Because of the ADA, preemployment physical examinations are no longer legal. Applicants must now be given a conditional job offer based on successful completion of the examination.
The employer's decision to withdraw ajob offer must be based on the applicant's inability to perform essential job functions with or without accommodations. A prospective employee can be denied the job only if he or she is at definite risk of specific injury or illness while performing the essential functions of the job. Employers are required to provide reasonable accommodation to mitigate these risks as far as possible.
Although PPAs have been conducted since as early as the first industrial revolution (Schussler, 1975) , there is little information on the actual effectiveness of this screening technique. The exact proportion of job applicants subject to PPAs is also unknown, although Goldman (1986) estimated this number to be 49% of workers surveyed in the Second National Occupational Hazard Survey. The results of research evaluating PPA programs are inconclusive, despite the fact that much time and money are spent performing PPAs. DeKort (1991) estimated the costs of PPAs in the Netherlands to be about $30 million in 1988 alone, for an estimated population of 15.6 million (Statistics Netherlands, 1998) . However, no comparable figures are available for the United States, which has an approximate population of 266.9 million (U.S. Bureau of the Census, 1998). The ideal comparison of only the working population of these countries is not available. Nonetheless, even comparing the overall population summaries of these countries suggests the magnitude of the resources that may be expended to conduct PPAs. A need exists to investigate the impact of the PPA on both workplace injury and illness rates to determine if these costs are justified.
Research to evaluate PPAs is extremely limited. Studies have varied dramatically from those that have found no benefit from conducting PPAs, to those crediting PPAs with being valuable. Buckley (1994) found preemployment screening may place the employer at a disadvantage by being ineffective, legally and morally ambiguous, not predictive of future sickness absence, expensive, and 246 uneconomic in terms of use of manpower. Lowenthal (1986) wrote that even at the low cost of $20 per evaluation, comprehensive PPAs were not cost effective. Shepherd (1992) cited studies claiming false positive findings discovered during PPAs "rob the qualified worker of employment, and deny the employer capable, loyal employees."
A literature search found 12 peer reviewed, published papers, and two unpublished papers, of which one is currently in the peer review process (see Table 1 ). Among the 12 published papers, few endorse the efficacy of PPAs. Two of the more thorough studies concluded that PPAs are effective only for assessing the fitness of the applicant for the job in selected occupations, such as those with high physical demands (Alexander, 1977; DeKort, 1991) . If the objective is to reduce absenteeism or work disablement, PPA efficacy is low for many job categories.
While there appears to be little evidence to support the effectiveness of preplacement exams, there are many methodological issues have limited the investigation of these issues. Even when preplacement exams are mandated by the government, great variation in purpose and procedures is observed. According to DeKort (1991) ,
In practice, the aims of the preemployment medical examination differed widely among physicians, ranging fromthe assessment of health risksto the applicant to theassessment of (economical) risksfor theemployer. Furthermore, the procedures did not appear to be uniform.
In addition, despite the availability of a "guidance book" on preemployment medical examinations and medical selection criteria, explicit criteria for rejection or acceptance are given only when public safety is involved. Bigos (1992) identified several reasons why PPA screens have been found ineffective at predicting back problems. First, reliance on data from univariate analyses can be misleading, as such study designs may omit factors that may be controlled in multivariate analyses. Second, identified risk factors have been poor predictors of back problems. Third, back problems do not fit well into the injury model, as almost everyone may have a back problem by age 50. Finally, the 10% of back injury claimants off work 3 months or more make up 80% of the costs. However, more relevant to this investigation is the fact that some of the more thorough studies (Bigos 1992; DeKort, 1991) did not address the specific issues of restrictions and accommodations.
Additionally, little consistency was found among studies related to: • The outcome of interest: rejection for employment versus potential absenteeism or potential performance; • The populations of interest; and • The specific nature of the preplacement assessmentthe intervention of interest.
Since the United States' current regulatory framework includes occupational medical examinations, it is timely to investigate the impact of preplacement assessments and restrictions on employees' occupational injuries and illness. 
STUDY AIM
The purpose of this study was to assess the impact of the PPA on percent distribution of workplace injuries and illnesses. Are work restrictions protecting the vulnerable workers at increased risk for such workplace injuries?
METHOD
The study population consisted of job applicants seeñ y an occupational health organization in the Minneapohs/St. Paul Metro area in a 3 year period for job specific PPAs from January I, 1993 through December 31, 1995. Individuals applying for production, clerical, or health care provider positions were typical of those screened.
The purpose of each PPA was to identify job applicants vulnerable to injury, and to minimize their exposure to musculoskeletal risks by recommending specific functionallimitations on work activities. The recommendations were to be used by the employer to make reasonable accommodations for each person who had been given a conditional job offer. The difference in the incidence of musculoskeletal injury outcomes between each group studied was used as a measure of the impact of the recommendations arising from the PPA (see Figure) . The study employed a 3X2 factorial design to assess these differences.
It was assumed personal characteristics other than medical history and health status, such as gender, age, job position, and employer, may affect an applicant's risk of workplace injuries. Thus, cases and controls were matched for these factors to isolate the effect of the PPA. This was consistent with recent literature in relation to industrial populations' low back disorders, suggesting age, gender, and injury history should be studied further (Dempsey, 1997) .
DATA COLLECTION
Data about individual applicants were obtained from the institution's preplacement assessment log and health history forms. Additionally, the institutional physical demands forms recording job specific and PPA protocols contributed details of the individual jobs, and employers shared information related to OSHA recordable injuries. All of these data were then extracted onto a log specifically designed for this study.
Preplacement Assessment
In this study, all job applicants reviewed their health and injury history with an occupational health nurse. In addition to this review, applicants for certain job types, such as "assembly," were required to undergo additional assessments based on the physical demands of the job, not on the individual's history. These additional assessments were chosen by the employer in advance, and were the same for all workers in that certain job class, though components of job specific PPAs varied among job positions. Typical additional components include "upper extremity screening" or "back screening."
. Sixty-five percent of applicants in this study were given both an upper extremity and back screen, 15% were given only upper extremity screens, and 20% were given only back screens. If necessary, based on subjective and/or objective findings in the job specific PPA, further evaluation was undertaken to follow up these findings before making a final recommendation. This further evaluation varied from a medical record review, to a physical examination by a physician, or an evaluation by a physical or occupational therapist. For example, if applicants were seen for positions that required repetitive use of their hands and reported symptoms during an upper extremity evaluation by an occupational health nurse, further evaluation by a physician may have been indicated.
The study subjects were divided into three groups based on the amount of follow up needed and the results of this follow up. After gathering all of the necessary information during the PPA, the occupational health nurse may have recommended work restrictions for an applicant to ensure the job would be safe both for the worker and for fellow workers. For example, an applicant may have been restricted to lifting no more than 40 lbs, or to limits on repetitive wrist flexion allowing no more than 4 hours per shift. It was assumed this would reduce the risk of the applicant being injured at work.
Cases and Sample Size Calculations
The cases selected (n=67) were those job applicants who:
• Successfully completed their PPA, • Required some type of follow up for a health concern identified during the PPA, • Were given work restrictions because of that health concern, and • Were placed in a job by the prospective employer.
Individuals given work restrictions but not placed in a job were not followed. All applicants seen by this agency in the 3 year period of this study and given restrictions were considered "cases." For each case, four controls were matched using data from agency logs. Each individual was matched first by employer and gender, and next by job position. Age was controlled for statistically. The case group for this study thus included the entire population seen by this organization in the 3 year period for preplacement assessments for whom work restrictions were recommended and who actually began work for that particular employer. This resulted in a total of 67 cases. A total of 264 controls were studied as well, as four cases had only three controls due to inability to find an appropriate match for a fourth control. The purpose of matching was to control for the effect of the above variables on injury outcomes.
Control Group 1
Control group I (n=130) included those individuals who:
• Completed their PPA, • Required some type of follow up for a health concern identified during their PPA, but • Were not given any work restrictions.
Control Group 2
Control group 2 (n=134) included individuals who:
Intervention: Preplacement Aaaeaam,. ,t 
INJURIES AND ILLNESSES
For this study, each reported OSHA recordable workplace injury or illness affecting either cases and controls (n=51) was analyzed individually by the research team members. For this particular study, no work related illnesses were reported, only injuries.
Because the purpose of the PPA was to link personal risk factors with possible environmental exposures that may have resulted in musculoskeletal injuries, certain injuries such as cuts (n=13) were not included in the analysis because it was assumed these outcomes were not events that could have been predicted and prevented by a PPA. The remaining 38 workplace injuries were primarily musculoskeletal in nature, such as back strains, tendonitis, and cumulative trauma disorders. It was assumed these were the types of injury PPAs are most likely to prevent.
Information was obtained from each company about the length of employment for both cases and controls. Length of employment consisted of the number of months between hire date and termination date. If the applicant was still currently employed, the follow up period consisted of the number of months between hire date and the date the employer relayed the data back to the study investigators.
• Completed their PPA, and • Did not require any type of follow up for health concerns identified during their PPA.
HYPOTHESIS
The characteristics that potentially differentiated cases and controls were the independent variables in this study. The dependent variable of this study was the percentage of workplace musculoskeletal injuries affecting each of the three groups in the period following the PPA. Effectiveness of the PPA was measured by comparing the percentage of workplace injuries in the case group to the percent injured of the control groups.
The study was designed to see if the null hypothesis of no difference between groups was true. Borenstein (1994) stated that, While a conclusion that the treatments are equivalent cannotbejustified. onecan makethe argument that the studyhad powerto detect a difference of some magnitude and that the absence of significance indicates that the groupsdo not differby this much.
When comparing groups, there were three possibilities available for each of the three groups: the percent will be less than, equal to, or greater than the comparison group. It was assumed for the group studied, the percent of cases with specific injuries would be higher than control group I (the group that had further evaluation, but no restrictions recommended). The researchers hypothesized that PPAs resulting in restrictions reduce the percentage of injury among cases compared with the percentage found in controls.
If control group 1 (the group that had further evaluation, but no restrictions recommended) had a percentage of injured people less than or equal to the other group of con-trols, one could assume it was appropriate not to restrict these workers. However, if this first control group had a higher percentage of injuries compared to the second control group, one may assume this group may have needed work restrictions to protect them from injuries and further investigation is warranted.
Control group 2 served as the baseline to which the cases and control group I were compared. Job applicants in this second control group needed no further evaluation or work restrictions because no subjective or objective risk factors were found during the preplacement assessment.
STUDY POWER ANALYSIS
A power analysis was conducted using Power and Precision Software (Borenstein, 1997) . With the sample size of 331, the study had a power of 86% to yield a statistically significant result. This power computation was based on use of the noncentral chi-square to test the null hypothesis that the proportion of cases falling into each column (injured versus noninjured) is identical for all rows (group status as not restricted, further evaluation, or restricted) in the study. The criterion for significance (alpha) was set at .05 (two tailed). A small effect size, corresponding to a contingency coefficient (c) of .181, suggested a modest nonparametric correlation between an individual's outcome of injured or not, and their group status (not restricted, further evaluation, or restricted).
DATA ANALYSIS
The unit of analysis was the individual job applicant. The analysis of these data was based on 3 X 2 tables, using 
Job Classification

RESULTS
The population of this study (n=331) consisted primarily of employees in manufacturing companies (88%). Job applicants from three health services agencies (11%) and one local government agency (2%) were also included. One company chose not to participate (10 cases and 40 controls), and one company went through acquisition by another company and was not able to participate (4 cases and 16 controls). This left a total of 19 employers included in the study (see Table 2 ). Because the number of cases and overall PPAs varied by company, the actual response rate of subjects was 3311401, or 83%.
The study sample consisted of 42% (140) male job applicants, 58% (191) female. Ages ranged from 16 to 63 years with an average age of 32 years. No statistically significant difference was found in age between cases and controls. Months of employment also ranged from < 1 month to 46 months, with an average of 15 months. Again, no statistically significant difference was found between cases and controls. Sixty-six different jobs were classified into eight overall job categories, as displayed in Table 3 .
Twelve percent of applicants in this study developed an injury during the follow up period. The most common type of injury was a back strain (n=19). Fifteen people had back strains as their only injury, while four applicants had multiple injuries that included back strains. Five injuries involved cumulative trauma syndrome. Four injuries were wrist strains. The overall percent distribution of injuries based on type of industry was: manufacturing 33/291 (11.3%); service 5/35 (14.3%); and local government 0/5 (0%).
A significant difference was found (see Table 4 ) in percent distribution of injuries by job class (chi-square=19.8, degrees of freedom (df) = 8, P =.01). Warehouse workers and human services employees had the highest percentage of injuries, 28.3% and 14.3%, respec- tively. However, the type of employer (i.e., manufacturing compared to human services) was not a significant factor in the percentage injured. Similarly, neither gender nor employee age at the time of hire had a statistically significant effect on injury percentages. In the 3X2 contingency table, analyzing applicants' injury outcome (columns) to their group status (rows), cases were not more likely to be injured than controls (chi square=.75, df=2, p=.68 ; see Table 5 ). ANOVA (fixed effects) was used to assess the potential interaction of employees' duration of employment, their status as case or control, and injury incidence (see Table 6 ). A statistically significant relationship was demonstrated between injuries and the number of months of employment, such that the longer employees worked at this job, the more likely they were to have had an injury (F statisticemean square groups/mean square error=19.6; df=I,325, p=.OOI). However, no stastically significant difference existed in number of months of employment between cases and controls (see Table 7 ).
StUdy LImitations
Study limitations included a nonrandom sample selection process, problems measuring employees' exposure to JUNE 1999, VOL. 47, NO.6 potential injury, and generalization of study findings to other employee groups. The ideal study design would have randomly assigned applicants to one of two groups-those who had PPAs and those who did not-to avoid potential bias. The individuals could then be followed and their workplace injury/illness rates could be analyzed. However, current laws, such as the ADA, make this type of study design illegal. An employer must treat all applicants for the same job classification in a comparable manner. Each person given a conditional job offer from a certain employer, and working in a similar job class, must go through a PPA with similar components. A second option may be to perform PPAs on all applicants, but actually enforce the work restrictions on a random set of individuals. Injury and illness rates could then be compared between the two groups. This design poses ethical problems because workers identified as vulnerable during screening were not given work restrictions. Additionally, legal concerns exist about giving disparate treatment to individuals when the ADA requires a uniform hiring process, This study assumed that individuals who received restrictions were more vulnerable to injury. This lack of difference in the percentage of injuries received is an indication of the effectiveness of the PPA. This design is consistent with the intent of the ADA legislation, as restrictions should be based on the results of an assessment revealing the individual is at increased risk of harm. Assessment of exposure is also a limitation. The times of exposure and follow up were not consistent between groups. Employers did not supply information about the date of injury, or employment status, i.e., part time, full time, or casual. These factors would affect the characterization of the applicant's exposure. However, employees and job classes were matched to control for differences in exposure to the extent possible.
DISCUSSION
The results from this study suggest that job specific PPAs are effective in protecting the vulnerable workers given work restrictions. The proportion of injuries in the restricted group (cases) was comparable to that of the workers who did not receive work restrictions (controls).
As health care providers, the researchers were concerned as to whether restrictions really protected workers who had significant conditions. This study demonstrates to employers who may have been hesitant to hire employees with restrictions that those workers can still be "safe" workers.
A second benefit to employers is that, with the shrinking labor pool, employees with the added protection of restrictions may be able to work in positions they may not have been able to work in previously. Employers can thus benefit from hiring highly qualified, capable workers despite their having some health problems or physical limitations.
The results of this study also indicate the longer employees were employed, the more likely they were to be injured. Some employers may want to consider periodic health/medical assessments and reassessment of work restrictions based on the demographic and other characteristics of their work force. However, this may not be an 252 option for all employers if turnover rates are high and occupational health program budgets are limited.
When occupational health practitioners evaluate their PPA program, the relationship between the costs of program administration and the cost of claims prevented must be analyzed. In 1992, a national estimate of the median cost of an upper extremity cumulative trauma disorder was $824 (Webster, 1994) . Assuming a 6% annual inflation rate, this figure translates into $1,168.87 in 1998 dollars. One company involved in this current study had 482 musculoskeletal compensable injuries during 1997. The cost of inpatient and clinical services alone totaled $89,912.05. Practitioners and managers must carefully evaluate their program to decide at what point, or perhaps, after how many claims, does the PPA program become cost effective for their organization.
These study findings are consistent with previous literature that concluded PPAs were most effective, for assessing fitness for duty in selected occupations with high physical demands (Alexander, 1975; DeKort, 1991) . Future studies should include a larger sample size, exact dates of injuries to establish exposure duration, and multivariate analysis to control for other potential confounders. Preventive effectiveness should also be assessed (i.e., the number of screens needed to prevent one adverse event such as an injury) as defined by DeKort (1997) . This is consistent with the recommendations of the National Occupational Research Agenda (U.S. Department of Health and Human Services, 1996) that much more information is needed about,
The extent, quality, outcome, and costs of services provided by employer based employee health services. private physicians, independent occupational health clinics, and hospital emergency departments.
While these study results may not be broadly generalizable to all PPAs, given the broad and varied definition of the assessment, this study model is generalizable to other occupational health providers, and would serve as a solid basis for future studies.
Ultimately, the role of the PPA is to protect vulnerable workers, as well as to be cost effective for employers, and comply with legal requirements such as the ADA. Further research must continue to identify the impact of the PPA on the health of workers, and its use as a cost effective measure.
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